Abstract. We use a systematic expansion around the mean-field solution via the asymptotic limit to high spatial dimensions to study effects of elastic scatterings of mobile electrons on either thermally equilibrated or frozen, randomly distributed static impurities. We concentrate on quantum coherence effects and calculate the vertex corrections to the mean-field electrical conductivity of the disordered Falicov-Kimball model.
localization in DFKM using a geometric averaging of the local density of states (DOS) in homogeneous [Byczuk, 2005] and charge-ordered phases [Gusmão, 2008] . However, little is known about the electrical conductivity of FKM beyond the mean-field Drude term.
Equilibrium thermodynamics
We start with an exact d = ∞ solution of DFKM. Its equilibrium thermodynamics was analyzed in Janiš and Vollhardt, 1992 . The averaged grand potential is represented via a set of variational parameters G n and Σ n , where n corresponds to the n-th fermionic Matsubara frequency ω n = (2n + 1)π/β,
where
is the random shift of the f -electron level, . . . av stands for averaging over the random configurations of atomic potential V and ρ(E) stands for the density of states of the itinerant electrons.
The equilibrium thermodynamics is obtained as a stationary point w.r.t. small variations of parameters G n and Σ n . It leads to the set of equations
where n f = f (E f + E V ) is the density of f electrons and f (E) = {exp[β(E − µ)] + 1} −1 is the Fermi-Dirac distribution function. These equations determine the values of the local element of the one-electron thermal Green's function G n and the corresponding self-energy Σ n . These equations are completed by a condition on the chemical potential µ, being determined from the total number of electrons,
where G R (ω) is the retarded Green's function obtained as an analytic continuation of G n to the real axis from the upper half-plane. We denote n the total electron density. The second term on the r.h.s. is the c-electron density n c . Equations (4-7) fully determine the equilibrium thermodynamics of DFKM in the whole range of input parameters. The most prominent feature of this solution is the ability to produce a MIT either by changing the interaction strength U or by changing the disorder strength ∆ over some critical values. By calculating these critical values we get the phase diagram of DFKM.
Electrical conductivity
The Kubo formula for the electrical conductivity of strongly disordered electron systems with only elastically scattering electrons was presented in Janiš et al., 2003 . From now on we restrict ourselves to zero temperature. The diagonal part of the electrical conductivity tensor is then given by a simple Kubo formula
where v α is the group velocity in direction α and G AR (G RR ) is the averaged electron-hole (electron-electron) 2-particle Green's functions defined as
In this point we introduce the two-particle vertex function Γ AR defined from an equation
. Similar definition is used for Γ RR . The first term describes the uncorrelated motion of two electrons and the second term describes their correlations.
With the aid of these equations the electrical conductivity from Eq. (8) can be decomposed into two parts,
The first part is the standard mean-field Drude conductivity at T = 0, the second is the socalled vertex correction. Calculating this correction to the mean-field conductivity of DFKM is the main objective of this contribution.
Expansion around mean-field solution
The method for calculating vertex corrections to the one-electron Drude conductivity for models with elastically scattered electrons was recently developed by us [Janiš and Pokorný, 2010] . It is based on a systematic expansion around the d = ∞, mean-field solution via the asymptotic limit to high spatial dimensions Kolorenč, 2005a, 2005b] . The expansion around mean-field is constructed as an asymptotic series on a hypercubic lattice, since this lattice allows us to separate the Cartesian components of momenta. The expansion parameter is the off-diagonal one-electron propagator.
Only the leading asymptotic order vertex correction of order 1/d 2 is calculated explicitly. This correction can be effectively applied only not too close to MIT, where different approach should be used to avoid negative sign of the total conductivity [Janiš et al., 2003] .
The explicit form of the Drude conductivity σ 0 and vertex correction ∆σ can be found in Janiš and Pokorný, 2010.
Results and discussion
We restrict ourselves to the half-filled charge-symmetric case, n f + n c = 1 and we use a symmetric binary-alloy distribution for the random atomic potential V ,
where ∆ is the disorder strength. In this case the density of localized electrons is fixed, n f = 1/2, and E f = 0. We choose dimensionality d = 3 and set the half-bandwidth t as the energy unit. A semi-elliptic form for the non-interacting DOS ρ(ε) = 2/π √ 1 − ε 2 is used. We neglect possible charge-ordered phases (chessboard structure at half-filling) since the model is then insulating. In Fig. 1 the Drude conductivity σ 0 , the total conductivity σ and the DOS at the Fermi level ρ F are plotted as functions of the interaction strength U for different values of parameter ∆. The case ∆ = 0 corresponds to the pure FKM. For U → 0 the Drude conductivity diverges as the system is going into non-interacting Fermi gas. At U = 1 MIT takes place and the Drude conductivity as well as the Fermi level DOS and the vertex correction vanish continuously. The vertex correction is nearly everywhere two orders smaller than the Drude term, only close to MIT it becomes comparable. For ∆ = 0.5 we start from a finite value of the Drude conductivity at U = 0 and MIT takes place at U ≈ 1.27. The vertex correction is nearly everywhere of one order smaller than the Drude term, but it becomes significant in the vicinity of MIT. The total conductivity vanishes at U ≈ 1.2 and becomes negative for larger ∆. This unphysical behavior indicates breakdown of the decomposition of the total conductivity into a mean-field and vertex contribution in regions close to MIT. For ∆ = 1 we start from a critical value of the disorder strength where MIT takes place at U = 0. The Drude conductivity increases along with DOS until a maximum is reached at U ≈ 0.97, then it decreases until MIT at U ≈ 1.73. The total conductivity becomes negative close to both MITs. Similar behavior is observed for ∆ = 1.5. The system is insulating until U ≈ 0.75, then metallic until U ≈ 2.22 and then becomes insulating again.
The ground-state phase diagram for the half-filled DFKM with symmetric binary-alloy disorder is plotted on Fig. 2 . Solid lines represent the metal-insulator transition. The dashed lines indicate vanishing of the total conductivity where |∆σ| = σ 0 . We cannot rely on the mean-field conductivity and an unrenormalized perturbation theory beyond these lines. 
Conclusions
We studied effects of elastic scatterings of electrons on either thermally equilibrated or randomly distributed static random impurities. We calculated Drude conductivity and leadingorder vertex corrections of DFKM using an asymptotic expansion around the exact d = ∞ solution. The leading-order vertex correction is always negative and at least one order smaller than the Drude term. Only close to MIT the vertex correction is of order of the Drude one and for ∆ > 0 its absolute value can even become larger, leading to a negative total conductivity σ 0 +∆σ. This indicates that one needs to consider the full representation of the vertex correction with a two-particle self-consistency to describe energy regions close to MIT.
